Background: 359 lung transplantations were performed in Germany in 2013. The main goals of lung transplantation are to prolong survival and improve the quality of life. Both of these goals can be reflected in a return to employment. We report the first study of employment after lung transplantation in Germany.
S
ince the first successful lung transplantation (LTx) was performed in the mid-1980s, the number of such procedures per year has grown steadily. There were 212 lung transplantations in Germany in 2003 and 359 in 2013 (1) . Transplant recipients' quality of life and survival times have improved continually (2, 3) . At 5.6 years, the median survival time after lung transplantation is not as long as that after transplantation of other solid organs (data from the International Society for Heart and Lung Transplantation [ISHLT] , as of 2014) (4, 5) . Infections and organ rejection are the main reasons for this (6) .
Return to work is a reflection of successful transplantation and of an improved quality of life. There has been no study to date of lung transplant recipients' return to work in Germany. In other countries, it has been found that 30 to 37% of patients return to work (6) (7) (8) . The resumption of work is economically beneficial not just to the patient, but also to society as a whole.
Data from other countries may not apply to Germany because of locally specific aspects of the German healthcare and social systems (including health insurance, nursing-care insurance, unemployment insurance, and pension insurance). In the USA, for example, there is no obligatory health insurance, and access to transplantation is not equal for all.
The goals of this study were to determine the rate of return to employment after lung transplantation and to identify factors influencing the return to employment.
Materials and Methods

Study design
The cross-sectional study included patients who attended the outpatient lung-transplant clinic at the Medizinische Hochschule Hannover from September 2009 to March 2010 for their follow-up care. The central instrument of the study was a questionnaire that all patients were asked to fill out (eQuestionnaire). They were allowed to have help from other family members in filling it out. Patients who had received their transplants less than six months previously were considered separately, as experts in social medicine generally consider that patients should not return to work in the first six months to allow optimal healing. Characteristics of the included patients are seen in Figure  1 . All of the patients consented to inclusion in the study by filling out the questionnaire. The study was approved by the local ethics committee (no. 549). 5-year follow-up was carried out in December 2014.
Assessment of employment status
The patients filled out a questionnaire that contained 38 questions on the following topics (eQuestionnaire):
• Current health situation in terms of state of health, physical performance ability, and need for physical aids,
• employment situation before and after transplantation, time of return to work, reasons for returning to work, problems at work, number of working hours per week, number of hours absent from work because of illness, change in quality of life due to work,
• general personal situation, number of episodes of organ rejection, exercise/sports, degree of disability, annotations in handicapped pass, level of education, level of occupational training, family situation, net monthly income,
• quality of life assessed on a visual analog scale from 0 to 100%, with 100% being the best possible (9).
The questionnaire was developed specifically for this study of lung transplant recipients by a team of physicians. A test run was carried out on 5 persons (doctors and clinic staff) and the results were used to improve content and intelligibility. The questionnaire consisted of 26 multiplechoice questions with 2-8 possible answers each, 11 questions with simple numerical answers, and one open question. Filling it out took 15-20 minutes.
Functional parameters
The following functional parameters of the patients were retrieved from hospital records: transplant function, rejection episodes, age, sex, diagnosis leading to transplantation, complications, and type of transplantation (lung transplantation alone or heart-lung transplantation).
Acquisition of follow-up data 5-year survival figures were obtained in December 2014. Data were also obtained on the patients' quality of life, physical performance ability, and degree of rejection.
Statistical evaluation
Continuous parameters were represented as medians and interquartiles (IQR). Their values in employed vs. unemployed patients were compared with a two-sided MannWhitney U test. Categorical variables were compared with a chi-squared test. A multivariate analysis with logistic regression was performed in which the continuous variables were dichotomized with respect to their median values. The dependent variables were:
• Ability to climb stairs (≥2 flights) • Educational level (completion of high school or higher)
• Employment in the 6 months before LTx • Family status • Age over 60 • Need for oxygen supplementation • More than two episodes of rejection.
Results
During the period of the study, 586 patients were seen in the outpatient lung transplant clinic, of whom 531 (90.6%) agreed to fill out the questionnaire. Of the 476 participating patients who had received their transplants more than six months previously, 150 filled out the questionnaire completely and 326 did not answer one or more questions; the median number of questions omitted was 1 (IQR 0; 3).
Among the 476 participating long-term transplant patients, 179 (37.6%) were employed at the time of the study. The demographic and socio-economic features of the employed and unemployed patients are compared in Tables 1 and 2 . The two groups did not differ in the medical diagnoses that had led to transplantation (Figure 1 ). The median time from transplantation to the return to work was 11 months (IQR 6; 15) , and the median number of working hours per week was 15 (10; 20) . One-quarter of the employed patients said they were working full time. The median number of days absent from work due to illness in the previous year was 10. Of the 179 employed patients, 64 (35%) said they had returned to the same job they had before transplantation, 11 (6%) said they had changed occupations, and 3 (1.5%) said they had been retrained; the remaining 101 patients gave no information in this respect. The patients' reasons for returning to work and problems experienced at work are shown in Figure 2 .
Employment status, waiting time, and rehabilitative measures before lung transplantation Before transplantation, 412 patients (88%) were employed, 25 (4.7%) were in job training, and 19 (3.6%) were university students. Of the 412 patients who were employed before transplantation, 158 (38%) returned to work afterward. Of the 58 patients who were not employed before transplantation, 19 (32%) obtained employment afterward. Of those who had been students or in job training before transplantation, 30 (68%) obtained employment afterward. Of the 53 patients who had been working less than six months before transplantation, 40 (68%) returned to work afterward. The unemployed patients said they were not working because of health problems (40%), inability to find a job (22%), disability payments (16%), or family reasons (6%).
The patients waited a median of 9 months (IQR 3; 21) for their transplants. There was no significant difference in transplant waiting times between employed and unemployed patients, nor did the two groups differ with respect to the urgency of transplantation. 394 patients (74%) had been characterized as "urgent" or "highly urgent" on the transplant waiting list; the remainder had been characterized as normal transplant candidates ("T").
153 patients (32%) underwent inpatient pulmonary rehabilitation before transplantation, and 337 (70%) did so afterward.
Subjective assessment of the quality of life
Working patients rated their quality of life higher than unemployed ones did: median, 80% (IQR 70; 95), compared to 75% (IQR 50; 85) (p = 0.001). Most of the working patients (65%) said that working had improved their quality of life, while 32% said working had made no difference and 3% said it had lessened their quality of life.
Physical exercise 366 patients (77%) said they regularly took physical exercise after lung transplantation, 99 (21%) said they did not, and 11 (2%) did not answer the question. 270 (76%) participated in sports more than once per week. 155 of the 366 patients who exercised (42%) said they did regular strength and endurance training, while 180 (49%) did only endurance training and 19 (5%) did only strength training. 12 (3%) gave no further information. The percentage of patients who exercised was no different among employed patients (78%) and unemployed patients. The ability to climb at least two flights of stairs was, however, more common among the employed patients -130 (73%) versus 169 (56%) ( Table 2) .
Education, age, social situation
Working patients were more commonly single (Table 2) . 76 (14%) of the entire patient collective required nursing care. The degree of disability and annotations in the handicapped pass are listed in Table 2 .
Financial situation
The unemployed patients differed from the employed ones in the nature of their sources of income, but not in their household incomes overall. 70% of the unemployed patients received a disability pension, while 37% of the employed ones did; both groups received financial support from relatives to an equal extent (11% vs. 13%), while more of the unemployed than the employed patients received government social assistance (10% vs. 3%; p = 0.001). (26) 19 (4) 47 (10) 299 (63) 84 (17) 46 (10) 149 ( (45) 75 (25) 13 (4) 90 (30) 6 (2) 137 (46) 87 (30) 54 (18) 13 (4) 28 (9) 207 (70) 35 (12) 27 (9) 86 ( Similar results were obtained in studies from abroad: the rate of return to work was 37% in a study from the USA and Canada (7) and 39% in an Italian study (10) . The lowest and highest rates were found in Belgium (28%) (6) and Taiwan (42%) (11), respectively. Thus, although patients in Germany benefit from a more extensive social safety net than those in other countries, their rate of return to work is comparable.
A direct comparison of lung transplant recipients with recipients of other solid organs (heart, liver, kidney) reveals that kidney transplant recipients return to work more often than the rest. In Belgium, De Baere found employment rates of 58% among kidney transplant recipients and only 28% among lung transplant recipients (6) . The figures for heart and liver transplant recipients were intermediate-43% and 37%, respectively. These differences may be due, in part, to the invasiveness of the operative procedures and the intensity of immunosuppression, and in part to differing characteristics of the patient groups (e.g., age). Lung transplantation is associated with a particularly high risk of infection and organ rejection (6) . Among the factors affecting employment are age and educational level; it has been known for a long time from studies on non-transplanted patients with asthma, chronic obstructive pulmonary disease (COPD), or status post myocardial infarction that disease severity and the patient's age and educational level are important determinants of the return to work (12, 13).
The patient's level of education has been found in previous studies of transplant recipients to be an important factor affecting the return to work (8, 14) . Thus, patients with a university degree have a relatively high rate of employment after transplantation. Alexopoulos and Burdorf studied the effect of educational level on the return to work in patients with asthma and COPD: blue-collar
5-year follow-up data
Differences at 5 years regarding survival, chronic transplant failure, and quality of life are presented in Table 3 .
Multivariate analysis
Associations were found between employment after lung transplantation and better physical performance ability (the ability to climb 2 flights of stairs, OR 2.0, 95% CI 1.3-3.2), higher educational level (OR 2.6, 95% CI 1.7-4), employment within six months before transplantation (OR 4.0, 95% CI 2-8), and being single (OR 2.1, 95% CI 1.3-3.5). No association was found with age, need for supplemental oxygen, or transplant rejection.
Control group: early postoperative patients after LTx
Of the 55 patients who had received their transplants less than six months before participating in the study, 14 (25%) were employed at the time of participation. In December 2014, the 30 surviving patients in this group were questioned again by telephone about their employment situation one year and five years after transplantation. 9 of the 30 patients (30%) were employed one year and five years after transplantation. One of the initially unemployed patients had begun working, and one of the initially employed ones had left his job. Two-thirds of these patients were working part time.
Discussion
This study is both the first study of the socio-economic status of lung transplant recipients in Germany and the one with the largest patient cohort worldwide. Earlier studies from the USA, Italy, and Belgium included 190, 72, and 84 patients, respectively (references 7, 10, 6, respectively). We found that more than one-third (38%) of lung transplant recipients were able to return to work in the long term. workers returned to work later than white-collar workers did (13) . Some jobs cannot, as a rule, be performed by lung transplant recipients at all, both because physical performance ability after lung transplantation is only roughly half of that in non-transplanted persons (15) , and because certain occupations are associated with an elevated risk of infection (e.g., farming, gardening, animal care). The same holds true for heart transplant recipients (16) . The connection between employment and physical performance ability is obvious. It is noteworthy, however, that physical fitness and the frequency of participation in sports are not correlated with each other. Thus, the higher performance ability of the employed patients may be due to a physical training effect of the job itself. The questionnaire in this study gave only an incomplete picture of the quality and intensity of physical training; in the end, the question of causation cannot be satisfactorily answered from the present data.
Most of the employed patients were employed part time; only one-quarter were employed full time. They took an average of 10 sick days off from work per year. This number was very close to the national average for the overall population (8.4 days-figure for 2012 from the German Federal Statistical Office).
Previous studies have shown that patients may be kept from returning to work not only by advanced age, poor health, or financial benefits (8, 14, 17, 18) , but also by the fear of contracting an infection in the workplace (7) . In this study, however, the employed patients were not hospitalized any more frequently (or with more inpatient days) than the unemployed ones, not did they suffer from organ rejection any more frequently. The evidence thus suggests that returning to work does not, in fact, endanger health. This conclusion is further supported by the lack of any difference between the employed and unemployed patients at 5 years of follow-up with respect to overall survival, extent of organ rejection, or physical performance ability.
The official degree of disability (Grad der Behinderung) of lung transplant recipients is 100% in the first two years after transplantation, as recommended by the German Federal Ministry of Labor and Social Affairs; after the first two years, at least 70% disability is recommended (19).
Limitations
The main limitation of this study lies in its design and in the nature of data acquisition by questionnaire. For example, the number of sick days taken off from work and the number of days spent as a hospital inpatient in the last twelve months were determined only from the patients' statements and not checked against documented facts. The same holds for physical performance ability. Thus, the question whether the employed patients' better quality of life might actually have been due to better health, rather than job satisfaction, cannot be answered with certainty.
Overview
Lung transplant recipients should be encouraged to return to work as long as their job poses no special risk to health.
Physicians should help their patients return to work by providing positive support and by allaying fears that working might expose the patient to higher rates of infection or organ rejection (which it does not). Barriers to the return to work, such as overprotective family members or the potential employer's fear that the patient will have to take many days off because of illness, can be broken down by the physician with an explanation of the facts. On the societal level, because the number of persons bearing organ transplants over the long term seems certain to grow, there should be discussion of a more flexible financial safety net for these patients, so as not to dis courage their return to work. An important aspect of this would be an unbureaucratic transition from a disability pension to income gained through work. 
